Background. Characteristics and outcomes of adult patients with disseminated toxoplasmosis admitted to the intensive care unit (ICU) have rarely been described.
Methods. We performed a retrospective study on consecutive adult patients with disseminated toxoplasmosis who were admitted from January 2002 through December 2012 to the ICUs of 14 university-affiliated hospitals in France. Disseminated toxoplasmosis was defined as microbiological or histological evidence of disease affecting >1 organ in immunosuppressed patients. Isolated cases of cerebral toxoplasmosis were excluded. Clinical data on admission and risk factors for 60-day mortality were collected.
Results. Thirty-eight patients were identified during the study period. Twenty-two (58%) had received an allogeneic hematopoietic stem cell transplant (median, 61 [interquartile range {IQR}, 43-175] days before ICU admission), 4 (10%) were solid organ transplant recipients, and 10 (27%) were infected with human immunodeficiency virus (median CD4 cell count, 14 [IQR, ] cells/µL). The main indications for ICU admission were acute respiratory failure (89%) and shock (53%). The 60-day mortality rate was 82%. Allogeneic hematopoietic stem cell transplant (hazard ratio [HR] = 2.28; 95% confidence interval [CI], 1.05-5.35; P = .04) and systolic cardiac dysfunction (HR = 3.54; 95% CI, 1.60-8.10; P < .01) within 48 hours of ICU admission were associated with mortality.
Conclusions. Severe disseminated toxoplasmosis leading to ICU admission has a poor prognosis. Recipients of allogeneic hematopoietic stem cell transplant appear to have the highest risk of mortality. We identified systolic cardiac dysfunction as a major determinant of outcome. Strategies aimed at preventing this fatal opportunistic infection may improve outcomes.
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Toxoplasma gondii is a ubiquitous parasite found worldwide. Reactivation of latent disease can cause infection, not only in patients with human immunodeficiency virus (HIV) infection, but also in patients who have undergone allogeneic hematopoietic stem cell transplant (HSCT) [1] and recipients of solid organ transplant [2] . Despite progress in prophylaxis and early diagnosis [3] [4] [5] , toxoplasmosis is still a significant threat for immunosuppressed patients. In patients with a severe neurological form leading to intensive care unit (ICU) admission, hospital mortality averages 24% [6] . Although toxoplasmosis presents most often as a localized central nervous system infection, severely immunocompromised patients are also exposed to disseminated toxoplasmosis [1] . Disseminated toxoplasmosis mostly involves the lungs [7, 8] , but may also cause myocarditis and hepatitis, which, although less frequent than cerebral forms, are associated with worse prognosis. [9] [10] [11] . It is noteworthy that severe forms necessitating ICU transfer have not been thoroughly described [12] . The purpose of the present study was to describe the clinical and biological features and the outcome of adults with disseminated toxoplasmosis admitted to ICU over a 10-year period.
PATIENTS AND METHODS
The study was conducted in 14 adult ICUs located in universityaffiliated hospitals in France, between 1 January 2002 and 1 January 2012. The study was approved by the Institutional Review Board of the Pitié-Salpêtrière University Hospital (CCP Ile de France VI).
Selection of Patients
A search of all retrospective cases of toxoplasmosis was conducted on the ICUs' databases. After the analysis of each patient's record by 2 investigators, only the patients who met the criteria of disseminated toxoplasmosis according to the following criteria were included in the study: (1) immunosuppression and (2) evidence of infection by Toxoplasma gondii defined by either (a) microbiological evidence of a positive realtime polymerase chain reaction (PCR) by amplification of its B1 gene [13] [14] [15] result in peripheral blood and in either bronchoalveolar lavage (BAL) or in a bone marrow aspirate, or (b) the demonstration in >1 organ of parasites by direct histopathology examination from tissue biopsy specimens (MayGrünwald-Giemsa staining [16] ). Patients with isolated cerebral toxoplasmosis were excluded from the present study. Trimethoprim-sulfamethoxazole (TMP-SMZ) or pyrimethamine prophylaxis at the time of ICU admission was recorded for all patients.
Data Collection
The following data were collected for each patient: any history of immunosuppression (ie, hematological malignancies, solid organ transplant, or HIV infection) and pretransplant toxoplasmosis serostatus of the donor and the recipient for patients with allogeneic HSCT or solid organ transplant. Time of HIV diagnosis, ongoing treatment, CD4 cell count, and HIV RNA were collected as well. Physiological variables and laboratory data were collected on admission. Simplified Acute Physiology Score (SAPS) II [17] and Sequential Organ Failure Assessment (SOFA) [18] were calculated at ICU admission. Reasons for ICU admission were classified as acute respiratory failure (ie, oxygen therapy >5 L/min required to obtain saturation of peripheral oxygen >95%), neurological impairment (ie, seizures, motor deficit, coma, or delirium), and shock (ie, evidence of tissue hypoxia with sustained hypotension and vasopressors infusion). Neutropenia was defined as a neutrophil count <500 cells/µL, whereas hemophagocytic lymphohistiocytosis was defined according to the diagnostic guidelines [19] . Systolic cardiac dysfunction was defined as an ejection fraction ≤40% within 48 hours of ICU admission (Table 1) .
Advanced life support measures taken during the ICU stay (mechanical ventilation, vasopressors, and renal replacement therapy), therapeutic regimens, and time between ICU admission and commencement of antitoxoplasmosis therapy were determined for each patient.
We also recorded ICU and 60-day mortality, which were extracted from the patient's file or by contacting the patient's treating physician.
Statistics
Qualitative variables are expressed as number and percentage and the quantitative variables as median and interquartile range (IQR). Comparisons between groups were performed using the χ 2 tests for categorical variables and with the MannWhitney U test for the quantitative variables. The α error was set at .05. A Cox regression was performed to identify baseline variables associated with outcome, and unadjusted hazard ratios for death with their 95% confidence intervals were calculated ( Table 2 ). Kaplan-Meier survival curves were computed for clinically relevant parameters associated with 60-day mortality, and comparisons were made using the Mantel-Cox logrank test. The statistical analysis was performed with Prism 4.01 software (GraphPad Software, San Diego, California) and JMP 9.0.0 software for Windows (SAS Institute, Cary, North Carolina).
RESULTS

Patient Selection and Criteria for Disseminated Toxoplasmosis
During the 10-year study period, 38 patients (median age, 47 years [IQR, 38-56 years]; 63% male) fulfilled our inclusion criteria (Figure 1) . The main characteristics of these patients at ICU admission are presented in Table 1 . Hematological malignancy was the most common cause of immunosuppression, accounting for 63% (n = 24) of cases. Among them, 22 of 24 (92%) patients had allogeneic HSCT, of whom one-third received a cord blood transplant. Two patients with non-Hodgkin lymphoma (B-cell and T-cell, respectively) did not receive allogeneic HSCT. HIV infection was the second most common cause of immunosuppression (n = 10 [27%]). Solid organ transplant accounted for 10% of cases (Figure 1) . A negative Toxoplasma serostatus prior to transplant was noted in 3 patients who received a solid organ transplant ( Table 1) . None of the patients received TMP-SMZ or pyrimethamine prophylaxis.
Blood PCR results were positive for all patients tested (34/34), and were positive in the cerebrospinal fluid in 8 of 10 cases, in the BAL fluid in 30 of 31 cases, and in bone marrow in 10 of 13 cases. Histopathological examination was positive in BAL fluid in 28 of 31 cases and in bone marrow in 8 of 13 cases. Autopsy confirmed diagnosis in 5 cases. Pneumonitis (83%), brain abscesses (25%), bone marrow (28%), and meningitis (22%) were the most common manifestations of Toxoplasma infection. In 1 patient, autopsy confirmed bowel, adrenal gland, and pancreas Toxoplasma involvement.
Patient Features and Management
Reasons for ICU admission were mostly acute respiratory failure (89%), followed by shock (53%) and neurological impairment (42%). Of note, the median lactate dehydrogenase and serum lactate levels were 2575 IU/L (IQR, 1456-4703 IU/L) and 3.5 mmol/L (IQR, 1.6-8.0 mmol/L), respectively. Additionally, a severe systolic cardiac dysfunction was found in 40% of the patients within 48 hours of ICU admission, whereas 32% had an additional diagnosis of hemophagocytic lymphohistiocytosis.
Mechanical ventilation was instituted in 35 (92%) patients within 48 hours of ICU admission (n = 34); the duration of mechanical ventilation was 4 (1-17) days. One other patient had mechanical ventilation commenced within 5 days. Vasopressive drugs were required in 33 (87%) patients, and 24 (63%) required renal replacement therapy. All but 2 patients received specific antitoxoplasmosis treatment, which was initiated a median of 0 days (IQR, 0-1.5 days) after ICU admission. The 2 patients not receiving specific antitoxoplasmosis treatment were excluded from survival analysis.
Outcomes
The median ICU stay was 4 days (IQR, 1-18 days). Overall ICU mortality was 78% (30/38 patients), and 60-day mortality was 82% (31/38). Survival analysis was performed on 36 patients who received specific antitoxoplasmosis treatment. Factors significantly associated with mortality included hematological malignancies as the underlying cause of immunosuppression, allogeneic HSCT, SAPS II score, SOFA at admission, elevated lactate levels, and systolic cardiac dysfunction ( Table 2 ). All patients with systolic cardiac dysfunction died within 60 days of ICU admission. Survival was also significantly lower in patients who received mechanical ventilation within 48 hours of ICU admission (Figure 2 ).
DISCUSSION
Our major findings can be summarized as follows: (1) Among the immunocompromised patients in this cohort, most had received an allogeneic HSCT and had not been receiving prophylaxis at the time of diagnosis; (2) the main indications for ICU admissions were acute respiratory failure and shock; (3) overall ICU mortality and 60-day mortality were very high; and (4) hematological malignancies, cardiac dysfunction within first 48 hours, high SAPS II, and high SOFA at ICU admission were associated with high 60-day mortality.
Risk Factors of Disseminated Toxoplasmosis
To date, only 1 study, performed in the 1990s, reported presentation and outcome of patients with disseminated toxoplasmosis requiring ICU admission [12] . This monocentric cohort was of small size (9 patients) and focused on patients with HIV infection in the pre-highly active antiretroviral therapy (HAART) era [12] . We report a more contemporary, large, multicenter cohort in which disseminated toxoplasmosis was mostly observed in patients with hematological malignancies and absence of prophylaxis. As previously reported [1, 9, 20] , we confirmed that pretransplant seropositivity of the recipients (22/22) was a risk factor for toxoplasmosis in patients with HSCT, suggesting reactivation of latent infection following high doses of immunosuppressive agents. As opposed to the low rate of cord blood transplant (6%) in a recent international report of HSCT [21] , our cohort had an unexpectedly higher rate (21%). In response to severe impairment of cellular immunity and absence of specific immunity in the donor [22] [23] [24] , our data suggest that cord blood transplant recipients could be at higher risk to develop a fatal disseminated toxoplasmosis than recipients of other types of allogeneic HSCT [25] .
Outcome
This study highlights the fact that disseminated toxoplasmosis is a devastating opportunistic infection with very high ICU and 60-day mortality rates. The high mortality rate was consistent with a previous finding in 41 patients with HSCT, and 9 patients with HIV described in the 1990s [9, 12] . We also observed that 60-day survival was lower in patients with hematological malignancies than in patients with HIV infection or solid organ transplant. To illustrate, only 1 of 23 patients with hematological malignancies was alive 60 days after ICU admission (Table 2; Figure 2 ). A recent multicenter study focused on 22 patients with solid organ transplant reported a lower hospital mortality rate (14%) [26] , but this cohort included less disseminated toxoplasmosis (22.7%) and more patients with isolated neurological localization (27%) (ie, patients who were excluded from our cohort) [26] . As previously reported in the pre-HAART era [12] , disseminatedtoxoplasmosisinHIVpatientsstilloccurredwithahigh level of immunosuppression. The mortality that we observed in this population remained very high despite advanced life support measures (Table 1) .
Clinical Features
The high mortality in our cohort could be partially explained by delays in diagnosis: 7 of 38 patients of our cohort died before a microbiological or histological diagnosis of toxoplasmosis was confirmed, and 2 of 38 died without having received any specific antitoxoplasmosis treatment (Figure 1 ). However, in our analysis, time between first symptoms and instigation of specific therapy was not associated with outcome. Disseminated toxoplasmosis may have various clinical presentations, which makes its diagnosis difficult. However, a very high level of immunosuppression, septic shock with a rapid multiorgan failure, a high serum lactate dehydrogenase level, and an absence of prophylaxis were common clinical features [12] . This was even more apparent in those patients with acute myocarditis, defined as severe left ventricular systolic dysfunction [26] . It is remarkable that cardiac dysfunction was also strongly associated with mortality in our cohort.
Patient Management
Negative Toxoplasma serostatus prior to transplant was found to be an independent risk factor for toxoplasmosis in solid organ transplant recipients [26] . In contrast, positive Toxoplasma serostatus seems to be a risk factor for patients with HIV and hematological malignancies [9, 12] . In addition, the rapid fatal evolution of the disease and difficult diagnosis should encourage physicians to consider routine toxoplasmosis PCR detection, at least in blood specimens in at-risk patients [4, 5, 20, 27] . Chemoprophylaxis could also be an alternative. However, the low incidence of disseminated toxoplasmosis should be weighed against the potential hematological toxicity of TMP-SMZ in patients with hematological disease, particularly during the close period after allogeneic HSCT. In our cohort, poor or delayed engraftment was the major reason for absence or discontinuation of prophylaxis during the period surrounding HSCT. Nevertheless, patients with allogeneic HSCT, in particular, those with cord blood transplant, are a challenging target group for prompt prophylaxis [5, 25, 28] . In these patients, chemoprophylaxis with atovaquone [29] or azithromycin [25, 30, 31] could be an interesting alternative before the transplant engraftment.
Limitations of the Study
There are several limitations to this study. First, although we have reported one of the largest populations of disseminated toxoplasmosis in ICUs to date, this is a retrospective study performed in multiple centers caring for patients with hematological malignancies or solid organ transplant. Second, we studied a mixed population of HIV-infected patients and HSCT and solid organ transplant recipients who had their own specificities (ie, management of toxoplasmosis diagnosis, prophylaxis, and treatment), and a detailed analysis of factors associated with 60-day mortality in each patient subgroup was not performed. Third, we cannot exclude the fact that the diagnosis, management, and prevention of toxoplasmosis before ICU and in ICU have changed during the study's period of 10 years.
In conclusion, disseminated toxoplasmosis in immunocompromised patients was essentially observed in allogenic HSCT and in absence of prophylaxis. The poor prognosis following ICU admission suggests that early detection and prompt preemptive treatment before ICU admission represent essential management strategies to improve outcomes. Early initiation of prophylaxis for patients with high-risk allogeneic HSCT Figure 2 . Effect of hematological malignancies, acute respiratory failure at intensive care unit admission, systolic cardiac dysfunction, or mechanical ventilation on survival in patients with disseminated toxoplasmosis. Abbreviations: ARF, acute respiratory failure; HIV, human immunodeficiency virus; ICU, intensive care unit; MV, mechanical ventilation.
(ie, cord blood transplant) and with positive Toxoplasma serostatus pre-HSCT should be advocated.
Notes
